A high number of vitamin K antagonist (VKA) users have a low proportion of time in therapeutic range (TTR) resulting in a high number of bleeding and thromboembolism events.
| INTRODUC TI ON
Despite the introduction of the non-vitamin K antagonist oral anticoagulants (NOACs), vitamin K antagonists (VKAs) are still used extensively. 1 VKAs are highly effective drugs to treat and prevent thromboembolism. 2, 3 The management of VKA therapy differs between countries but always consists of assessment of the International Normalized Ratio (INR) followed by adjustment of dosing regimens. From consecutive INR values, the time in therapeutic range (TTR) can be calculated using the Rosendaal method. 4 The TTR is a measure for the quality of VKA therapy.
A low TTR is correlated with an increased risk of bleeding and thromboembolism. [5] [6] [7] In the Netherlands, monitoring is performed by specialized anticoagulation clinics. Despite intensive support from these specialized anticoagulation clinics, around 20% of the patients have a TTR < 65%, which is considered inadequate. 5 A low TTR can be caused by a variety of reasons that influence pharmacokinetics of VKAs like comorbidities, co-medication, alcohol, genetics, food, etc. 8, 9 Another explanation is a reduced medication adherence to VKAs, possibly caused by the complexity of the VKA dosing regimens. 10 In particular, older persons frequently experience problems managing their medication. These problems can be due to a wide variety or combinations of reasons (eg, complex dosing regimens, polypharmacy, cognitive dysfunction, or impaired manual dexterity). [11] [12] [13] Patients with a reduced medication management capacity may benefit from dosing aids. [14] [15] [16] In the Netherlands, the majority of patients in need of dosing aids receive their drugs via automated multidose drug dispensing (MDD). 15 In MDD systems all oral solid drugs are automatically robot-packed in disposable plastic sachets. These disposable sachets are labelled with patient data, content, date, and time of intake. 17 Not every drug is suitable to be dispensed via an MDD system due to practical packaging issues (eg, sachets, liquids, eye drops, suppositories) or fluctuating dosing regimens, like VKA.
These drugs generally remain manually dispensed in their original packaging alongside the MDD system. It seems counterintuitive to dispense VKAs, which are one of the most complex drugs to manage, outside an MDD system. However, by dispensing the VKA via an MDD system, the medication adherence and consecutively the TTR might be improved. 18 For a number of patients, VKAs are already dispensed via an MDD system. However, it has never been shown that this method improves the TTR. Therefore, the aim of the study was to determine the effect of dispensing VKAs via an MDD system on the TTR.
| ME THODS

| Design and setting
This was a randomized controlled trial with two study groups (allocation ratio 1:1) in 18 community pharmacies located in the catchment area of the Leiden Anticoagulation Clinic. The study was designed to conform to the SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) statement. 19 
| Intervention
Patients in the intervention group received all chronic solid oral drugs via an MDD system, including VKAs. Patients in the control group received VKAs via manual dispensing. Control patients were allowed to use an MDD system at baseline, but the VKA had to be dispensed manually. To enable community pharmacies to distribute VKAs via an MDD system, dosing schemes were sent both to the patient and the community pharmacy. If a patient receives the VKA via manual dispensing, the new VKA dosing scheme starts the day after the INR assessment. This short period of time hampers dispensing of VKAs via an MDD system because a pharmacist needs 3 days to order or produce the MDD system. Therefore, the shortest VKA dosing schemes for intervention patients were automatically extended by the Leiden Anticoagulation Clinic by 3 days (from 7 to 10 days). These three extra days enabled the community pharmacist to order or produce the MDD system, which included the VKA. If a dose adjustment of the VKA dosing regimen in intervention patients was needed, adjustment was deferred until the start of the new dosing scheme (4 days after the INR assessment). If a physician of the Leiden Anticoagulation Clinic considered deferred adjustment with 3 days inappropriate, the community pharmacy was informed by telephone and the MDD system was manually adjusted by the community pharmacy the same day. 20 If adjustment of the dosing regimen was necessary for patients in the control group, patients were directly contacted by telephone by the anticoagulation clinic the same day.
| Participants
Every 3 months the Leiden Anticoagulation Clinic selected patients ≥65 years of age with a chronic indication for VKAs and a low TTR (<65%) over the preceding 6 months. 7 Because of frequently fluctuating INR values during the first 3 months of VKA use, patients with VKA use of less than 9 months (3 + 6 months) were excluded.
In addition, patients who performed INR measurements and dosing independently were excluded. Inclusion of a patient consisted of two steps: the first screening for eligibility was performed by the Leiden Anticoagulation Clinic. The list of potentially eligible Essentials • Older patients frequently fail to adhere to the dosing regimens of Vitamin-K antagonists (VKAs)
• Dosing aids are an effective strategy to improve the quality of anticoagulation • Collaboration between anticoagulation clinics and pharmacies is essential to dispense VKAs via dosing aids patients was then sent to the community pharmacy. The community pharmacy screened patients on additional inclusion and exclusion criteria and performed inclusion. Non-intentional nonadherent patients are willing to adhere to their medication regimen but fail (eg, because of cognitive problems, complex drug regimens, etc.). Dosing aids like an MDD system are more likely to affect nonintentional non-adherence. The chance of non-intentional non-adherence is larger when patients use more drugs as the medication regimens become more complex. Therefore, an inclusion criterion was the use of at least five chronic prescription drugs. Patients with home-care responsible for the administration of the patient's medication, or who already received their VKA via an MDD system or who received chemotherapy were excluded. As a consequence of the two steps, a lag time between the first screening and actual inclusion could be present. As a result, a patient's TTR could already be higher than 65% over the previous 6 months on the patient's index date.
| Patient inclusion
Eligible patients received an information letter by postal mail from the community pharmacist. Within 1 week after the information letter patients were invited by telephone to participate. If interested, patients were visited at home for written informed consent and study inclusion. At the start of the study, the patient's cognition and frailty were assessed with the Mini-Cog and the Groningen Frailty Indicator (GFI), respectively. 21, 22 
| Randomization and blinding
Randomization (1:1) was stratified on MDD use at baseline, but the VKA had to be manually dispensed. Therefore, two randomization sequences containing 208 numbers, one for MDD use at baseline and one for manually dispensed drug use at baseline, were generated using SPSS (version 23.0, SPSS Inc.). After the community pharmacist obtained written informed consent, the principal investigator (BM) was contacted for group allocation. Group allocation was not blinded for patients, pharmacists, and investigators.
Because the procedures of MDD patients differ from normal procedures, the physicians of the Leiden Anticoagulation Clinic were aware that a patient received the VKA via an MDD system but unaware of the patient's study participation. Study outcomes were analyzed by an independent statistician (SVB) who was blinded for group allocation.
| Sample size calculation
To demonstrate an absolute difference in TTR of 10% for the primary outcome with an alpha of 0.05, a standard deviation of 23 and a power of 80%, a total number of 83 patients in both the intervention and the control group were needed. To compensate for loss to follow-up we aimed at an additional 25% extra patients in both study groups, which resulted in a total aim of 208 patients.
| Primary outcomes
The primary outcome was the difference in TTR improvement between the intervention and control group. TTR was calculated over a period of 6 months, both before the index date and after the index date. The index date for the intervention was the first day a VKA was dispensed via an MDD system. The index date for control patients was the date that the patient signed informed consent. 
| Secondary outcomes
| Safety monitoring
For safety reasons, thromboembolic events, all bleedings (minor and major), and hospital admissions were recorded. Recording was performed by staff of the anticoagulation clinic and occurred according to the guidelines of the Federation of Dutch Anticoagulation clinics. 23 were obtained from the Leiden Anticoagulation Clinic. TTR calculation was performed conforming to the linear method described by Rosendaal et al. 4 The time during hospitalization, including the first 2 weeks after discharge, were excluded from the analyses.
| Statistical analyses
A two-sided P-value <.05 was considered statistically significant.
Mean values are presented with standard deviations (SD) or 95%confidence intervals (95% CI).
Primary outcomes were analyzed using a linear mixed-effects model (intervention, MDD use at baseline, the TTR before the index date as covariates, and the participating pharmacies as random effect).
MDD use at baseline was included in the model as randomization was stratified on MDD use. TTR before the index date was included in the model to compensate for any baseline differences. A TTR cannot be higher than 100%; thereby, the higher a patient's TTR is at baseline, the less likely an improvement becomes. Last, community pharmacies were included as random effects to compensate for potential differences in procedures between the community pharmacies. Intentionto-treat analyses were performed with all patients who had at least two INR assessments after the index date. A per-protocol analysis was performed with patients with a TTR < 65% in the 6 months before the index date and who completed the study period as intended.
Categorical values were calculated using a mixed-effects logistic regression model (intervention, MDD use at baseline, the TTR before the index date as covariate, and the participating pharmacies as random effect). Non-normally distributed secondary continuous outcomes were analyzed with a linear quantile mixed-effects model (intervention, MDD use at baseline, TaTR or TuTR before index date as covariates, and participating pharmacies as random effect).
Countable secondary outcomes were analyzed using mixed-effects Poisson regression model (intervention, MDD use at baseline as covariate, participating pharmacies and study number as random effect, and number of control visits as off-set parameter). Safety outcomes were analyzed using a quasi-Poisson regression model (intervention and MDD use at baseline as covariates).
| Predefined subgroup analyses
Subgroup analyses were performed for patients using an MDD system or manually dispensed medication at baseline. 
| Ethics approval
| RE SULTS
Of 528 invited patients, 179 (34%) gave informed consent (Figure 1 ).
Forty-eight percent were female and mean age was 80.0 years (SD = 5.9). Study enrolment lasted from June 2016 to September 2017.
The last patient completed the study in January 2018. The number of included patients per pharmacy ranged from 1 to 28 (mean 9, SD = 5).
The mean number of days between the selection by the anticoagulation clinic and the start of the intervention was 67 days for the intervention group and 57 days for the control group (P = .054). As a consequence of this delay, 57 (32%) patients had a TTR in the 6 months before the index date, which was higher than the predefined 65%. The study groups were similar at baseline with the exception of the target INR range ( Table 1 ). As all patients had at least two INR assessments after the index date, all patients were included in the intention-to-treat analysis.
Fourteen patients (7.8%) did not complete the 6-month study period as intended (five patients died, five patients switched to an NOAC, and four patients returned to manual dispensing). No dropout differences were observed (P = .53). The study flow is depicted in Figure 1 .
| Primary outcomes
The TTR improved for both the intervention and the control group during the 6-month study period ( Table 2 ). In the intervention group patients were excluded (see Figure 1 ). The mean TTR at baseline in the intervention group (n = 52) was 50.7% (SD ± 10.6%) and the mean TTR in the control group (n = 56) was 47.6% (SD ± 12.4%; P = .16). In the per-protocol analysis, an additional increase in TTR of 8.3% (95% CI: 1.0; 15.6) was observed.
| Secondary and safety outcomes
Eighty-one percent (n = 71) of the patients in the intervention group had a TTR > 65% during the study period compared with 65% (n = 59) of the patients in the control group (relative risk [RR] = 1.44;
95% CI: 1.09-1.90). The distribution of patients per 10%-TTR range is graphically presented in Figure 2 . The largest increase in number of patients was observed in the group of patients with a TTR between 90% and 100% during the 6-month study period (RR = 1.48; 95% CI:
1.02-2.14). Individual TTR values are shown in Appendix S1 in supporting information. An overview of the other secondary and safety outcomes is given in Table 3 . No difference was seen in the average dose of VKA between the intervention and control group (P = .13).
The intervention resulted in a lower median TuTR in the intervention group compared with the control group.
A subgroup analysis in patients with an MDD system at baseline resulted in an additional increase in TTR of 6 baseline, an additional increase in TTR of 5.1% (−2.01 to 12.24) was observed (P-value for interaction = .86).
| D ISCUSS I ON
This study shows that dispensing VKAs via an MDD system can improve the patient's quality of anticoagulation compared to manual dispensing of VKAs. The intervention resulted not only in an increase in TTR but also in a higher number of patients with a TTR between 90% and 100%. The higher TTR was reflected by a lower time under the therapeutic range in the intervention group compared to the control group, which may result in a lower number of thromboembolic events. This was not observed on the safety outcomes as the study was not powered on safety outcomes. The intervention was well accepted as only four patients (5%) returned to manual dispensing of the VKA.
The intervention resulted in a TTR increase of 5.6%. Among patients who still fulfilled the inclusion criterion of a TTR < 65% at index date, the increase was even higher. As dispensing VKAs via an MDD system is costly and time consuming, it should only be applied when a clinically relevant effect can be expected (eg, low TTR). The correlation between the TTR and clinical outcomes like bleeding and thromboses is strong. Also in our study, a reduction in the number of bleedings was observed, both in the intervention and control group. However, the difference was not statistically different between intervention and control group. The interpretation of the magnitude of TTR increase can be debated as no minimal clinical effect on TTR is defined. The effect of the TTR on the number of bleedings has been shown to be linear; the higher the TTR, the lower the number of complications. 7, 24 The TTR is a surrogate endpoint; however, an increase in TTR of 5% will reduce the number of thromboembolic events, major bleeding events, and deaths in a large population. 24, 25 Ideally, a cost-effectiveness analysis would be performed including the additional costs of the MDD systems and potential health savings. The start of an MDD system seems especially interesting for patients with a low TTR not provoked by an explanatory cause (eg, long-lasting flu, hospital admission for surgery). In addition, unintentional non-adherence must be suspected as MDD systems are unlikely to improve intentional non-adherence. 15, 17, 26 A previous retrospective database study by Van Rein et al 18 Involving Human Subjects Act.
Our study had some particular strengths. First, the only introduced difference between the intervention and control group was the dispensing of the VKA via an MDD system. By using an existing Besides the strengths, our study has some potential limitations.
First, the protocols used to adjust VKA regimens during the study differed between users of MDD systems and manually dispensed medication. VKA dose regimens were automatically prolonged 3 days for patients allocated to the intervention. Theoretically, this can lead to a slightly lower TTR for MDD patients, which could have reduced the positive effect of the intervention. Second, we did not include the intended number of patients. During the trial, lower loss to follow-up percentages were observed than anticipated. Therefore, inclusion was ceased at the moment that the required number of patients with sufficient follow-up were included. Last, despite randomization, more patients in the control group had a target INR range of 2.5-3.5. A higher target INR range is associated with a lower TTR, which might explain the lower TTR preceding the index date in the control group. As mentioned before, this may also imply that control patients were more likely to regress to the mean.
| CON CLUS ION
The quality of anticoagulation can be improved by dispensing VKAs via an MDD system, especially in patients with a TTR < 65%. The improved quality of anticoagulation was reflected by an improved TTR and a lower TuTR. No differences in reduction of number of bleedings or thromboembolic events between the intervention and control were found. Sterrenapotheek, Brocacef Maatmedicatie BV) in the Netherlands.
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